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I. Introduction & Executive Summary

The Wireless Broadband Access Task Force (Task Force) was established in May
2004 to assist the Commission in identifying and recommending possible changes in
Commission policies that could facilitate the more rapid deployment of wireless
broadband services for the benefit of all Americans.' The Task Force is pleased to report
to the Commission its findings and recommendations with regard to the Commission’s
wireless broadband policies.

Chairman Powell asked the Task Force to study existing terrestrial wireless
broadband policies involving both licensed and unlicensed wireless broadband services
(“wireless broadband”),” and to make recommendations for possible improvements that
would promote the growth of these services. As Chairman Powell noted when forming
the Task Force, the Commission is strongly committed to facilitating broadband
investment and deployment through different technological choices — including wireless
broadband — and has placed a high priority on making sure Americans have access to
broadband services through multiple facilities-based platforms.*

A. Wireless Broadband is Part of the Digital Communications Revolution

We are at the dawn of a digital communications revolution. Ideas that once
resided in the realm of science fiction are now being transformed into the reality of
everyday experience. Wireless technologies are one of the major drivers of this
revolution. These networks are largely invisible to consumers, yet powerful enough to
transform their lives.

Wireless broadband offers consumers a new freedom — the ability to communicate
and connect with the world anytime, anywhere:

» Consumers using wireless broadband technologies have the freedom to access
the Internet from coffee shops, on moving trains, and in their own backyards.

» Consumers can access the Internet using a single device — to make phone
calls, pay bills electronically, and access entertainment and data — all with a
seamless high-speed wireless connection. One device now opens up the
world.

! See FCC Chairman Michael K. Powell Announces Formation of Wireless Broadband Access Task Force,
Press Release, Federal Communications Commission (May 5, 2004) (WBATF Press Release).

? In this report, the term “wireless broadband” references terrestrial wireless broadband services, and thus
does not include satellite broadband services. The study of broadband satellite services are beyond the
scope of this report.

3 See WBATF Press Release.
4 See id.



» Using off-the-shelf equipment bought at their local electronics store,
Americans now have the power to build their own, in-home wireless
broadband networks, operating at speeds that, until recently, were far beyond
reach.

» Technological advances in wireless are occurring at a rapid pace. While these
technologies are powerful and often complex, they also bring a refreshing
simplicity to our lives: laptops with built-in wireless capabilities can
automatically locate all of the nearby hotspots, e-mail can be automatically
forwarded to a handheld device, and we can now watch streaming video on a
mobile phone.

» Communities large and small across the U.S. are getting connected to
broadband — gaining access to a wealth of resources and opportunities not
previously available.

Wireless broadband technologies also are helping to fuel the engines of our
economy. Indeed, the impact of wireless technologies is magnified by their ability to be
coupled with other communications technologies — including wireline, cable, broadband
over power line, and satellite technologies — in ways that enable endless combinations of
mixing and matching of technologies to suit the needs of different applications.

B. Current Deployment of Wireless Broadband, and Related Findings

In order to assist the Commission in exploring policy options relating to wireless
broadband, the Task Force surveyed the current state of its deployment. We make
several findings, and hope that the Commission may find these useful as it considers
additional steps to facilitate the rapid deployment of wireless broadband.

Wireless broadband constitutes a critical component of our nation’s goal of
ensuring that reliable and ubiquitous broadband becomes available for all Americans.
Improving every American’s access to wireless broadband is a critical component of the
Commission’s broader, ongoing efforts to facilitate the timely deployment of reliable and
ubiquitous broadband services to all Americans. One unique characteristic that
distinguishes wireless broadband from other broadband technologies is its ability to
provide both portability and mobility. These attributes enable the kinds of seamless
connectivity — at both short and long distances — that Americans seek. In addition,
wireless broadband plays a critical role in ensuring that broadband reaches rural and
underserved areas, where it often is the most efficient means of delivering these services.

Technological advances in wireless broadband lay the foundation for
significantly improved delivery of these services. Enhancements to current wireless
broadband technologies, as well as the burgeoning development of new technologies, are
continuing to improve and expand the deployment of wireless broadband. From wireless
broadband networks ranging short, medium, or long distances — e.g., those that span from
a few feet or yards, to 300 feet, to several miles, or even nationwide — we are witnessing



significant technological advances, growth in users, and expansion of portable fixed and
mobile applications.

» Advances in short-range wireless communications networks. Wireless
broadband networks that use unlicensed devices for connecting short distances
(e.g., a few feet or yards) among mobile devices (including laptops, PDAs,
pagers, televisions, and mobile telephones) and desktop devices are often
described as Personal Area Networks (WPANSs). These wireless networks
increasingly serve as a desirable replacement for wires and cables, and
provide seamless interconnectivity among a wide range of devices and the
data they can access. We expect significant advances in the coming years in
these broadband technologies (e.g., Bluetooth, ultra-wide band) — both in
terms of data rates and range of coverage — under the evolving Institute of
Electrical and Electronics Engineers (IEEE) 802.15 family of standards and
related standards.

» Advances in medium-range wireless communications networks. Wireless
broadband networks that use unlicensed devices for point-to-multipoint
transmissions of distances of fewer than 300 feet, or for point-to-point Internet
connectivity using networks that span greater distances (e.g., distances that
can reach a few miles) can be described as Wireless Local Area Networks
(WLANSs). These networks generally involve equipment manufactured in
accordance with the IEEE 802.11 family of standards for unlicensed wireless
devices, commonly known as “Wi-Fi” (an abbreviation for Wireless Fidelity).
These networks have met with tremendous success, and increasingly have
been used by Wireless Internet Service Providers (WISPs) — which may
number as many as 8,000 providers — to provide a facilities-based alternative
to wireline (e.g., DSL) and cable services to millions of Americans over
networks that may range in size from small communities, to multiple counties,
to multi-regional geographic areas or even larger. Over the last several years,
the number of wireless “hot spots” using Wi-Fi technologies have grown
exponentially and may number as many as 150,000 by the end of 2005. In
addition, several mobile service providers recently have begun using Wi-Fi
hot spots to complement their licensed mobile cellular services. Significant
advances are expected in the IEEE 802.11 family of standards, thus enabling
further improvements in the broadband data rates, coverage, and performance.

» Advances in longer-range wireless networks. Wireless broadband networks
that involve point-to-point or point-to-multipoint networks with individual
network links that can provide last mile connectivity in metropolitan
environments or can span distances of up to 30 miles are often referenced as
Wireless Metropolitan Area Networks (WMANSs). Devices deployed in these
networks are manufactured in accordance with vendor-specific proprietary
equipment (e.g., Canopy, BreezeMAX) or with the IEEE 802.16 family of
standards. The IEEE 802.16 standard, first developed in 2001 for fixed
wireless systems (e.g., backhaul) operating in the 11-16 GHz frequency range



of licensed “upper” bands, continues to evolve. In 2003, IEEE 802.16a —
commonly referred to as Wi-Max — was developed for operations in lower
frequencies in the 2-11 GHz range, including licensed bands as well as bands
that permit use of unlicensed wireless devices. More recently, the IEEE
802.16a standard has been extended to include 802.16d, which is also for
fixed wireless broadband applications. In addition, the IEEE currently is
working to finalize the 802.16e standard, a mobile wireless extension. In sum,
the evolving 802.16 standard holds great promise for future developments in
wireless broadband because it can be used for applications in both licensed
and unlicensed spectrum, allows communications without the need for line-of-
site connections, enables interoperability with different equipment using the
same standard, and, in the near future, will encompass both fixed and mobile
wireless applications.

» Advances in mobile technologies. Over the past sixteen months, wireless
carriers have begun to deploy broadband technologies on their mobile cellular
networks operating on licensed spectrum, and many have announced plans to
launch or expand these technologies in the near future. Using new
technologies — such as CDMA 1x EV-DO (EV-DO), Wideband CDMA
(WCDMA) (also known as UMTS), UMTS/HSDPA (High Speed Downlink
Packet Access), and Flash-OFDM (Orthogonal Frequency Division
Multiplexing) — carriers are now, or later this year will be, providing wireless
broadband services to millions of Americans at speeds ranging from 300 kbps
to close to one Mbps. It is expected, for instance, that networks using EV-DO
technologies will cover as many as 150 million Americans by the end of 2005.

» Advances in the development of mesh networks. Additional technological
advances, such as those associated with mesh networks, may also enable
further expansion in the delivery of wireless broadband services. Mesh
networks are a relatively new and evolving type of network that will have
wireless broadband applications. Unlike more traditional wireless networks,
in which each node in the network communicates only with a central antenna
or base station, each node in a mesh network can function as an access point
and transmit data to nodes in close proximity.

New wireless broadband applications proliferate, and improve the quality of our
lives. Along with the advances in these various wireless broadband technologies come a
host of new and exciting applications. These applications continue to proliferate and
empower people. They provide people with more ways to be “more connected” and
simplify their communications with work, home, and friends. The applications include:
Wi-Fi hot spots (e.g., stores, airports); community networks; en route, mobile
applications (e.g., on trains and ferries); public safety applications (e.g., integrating police
in the field with their departments, enabling quicker communications of emergency
information); surveillance applications (e.g., ensuring building security, securing military
bases, improving transportation monitoring, preventing theft in shopping centers);
personalized mobile access to music and video entertainment; and educational



applications (e.g., creating a “wireless campus” that connects students with school
networks). These examples are but a few of the wireless broadband applications that
exist today. Tomorrow promises even greater growth and innovation.

Recent trends reveal the tremendous potential of wireless broadband in the
delivery of broadband services to Americans. While wireless broadband currently
represents only a small share of the total market for broadband services (which at this
time is dominated by cable and DSL), substantial growth is anticipated. Growing
numbers of Americans use wireless devices — such as cell phones and Wi-Fi enabled
laptops — to connect to the Internet. According to one recent analysis, forty-one (41)
percent of all Internet users — or 56 million Americans (28 percent of all Americans) —
use devices that are capable of accessing the Internet wirelessly. The percentage of
younger Americans that use such wireless devices is significantly higher, and their
demand for portable and mobile communications, as well as their comfort and familiarity
with these technologies, will serve to further enhance demand. Future developments —
such as technological advances, new and enhanced device features, new applications such
as video and VoIP, lower equipment costs, enhanced battery life, improved pricing plans,
and the increasing convergence and integration of wireless broadband with other
broadband delivery mechanisms — will also stimulate significant growth in wireless
broadband over both the near and longer term.

C. Recommendations

In several different initiatives during the last few years, the Commission has taken
a number of steps to promote the development of wireless broadband services. Through
adoption of new policies and rules, it has laid the foundation for significant further
progress in achieving the goal of universal, affordable broadband access delivered by
wireless and other broadband technologies. Building upon the foundation that the
Commission has already established for wireless broadband, the Task Force recommends
additional steps the Commission could take to facilitate the deployment of wireless
broadband.

Recommendations for continuing and enhancing the success of wireless
broadband employing unlicensed devices. In the last few years, the Commission has
made significant amounts of new spectrum available in the 5 GHz band for use by
unlicensed wireless devices. It also recently revised the antenna rules applicable to
advanced technologies used by unlicensed wireless networks. The Commission also has
instituted proceedings seeking comment on providing additional spectrum for unlicensed
wireless devices. During this same period of time, the use of wireless broadband
employing Wi-Fi technologies has skyrocketed. To build on these successes, and to
promote the tremendous possibilities of unlicensed wireless broadband in the future, the
Task Force recommends that the Commission take the following additional steps —

» Promote voluntary frequency coordination efforts by private industry — such
as those already successfully deployed in some of the more congested parts of
the country — to mitigate potential interference among unlicensed spectrum
users.



» Promote voluntary industry “best practices” (e.g., network planning and
design, rule compliance) among unlicensed users.

» Consider increasing the power limits in certain bands available for use by
unlicensed devices in order to improve their utility for license-exempt WISPs.

» Work closely with license-exempt WISPs to address, on a proactive basis,
their needs relating to Commission policies and regulations.

» Consider hosting a WISP forum on an annual or periodic basis to provide
additional opportunities for WISPs and consumers to share their views on
issues before the Commission.

» Work closely with the wireless broadband industry to ensure that, where
necessary, the Commission addresses unlawful intentional violations (e.g.,
jamming, power boosting) of the technical rules applicable to unlicensed
wireless broadband devices.

Recommendations for improving wireless broadband deployed in licensed
spectrum. Also in these last few years, the Commission has made significant amounts of
existing and new licensed spectrum in different bands available for use by advanced
wireless technologies, including wireless broadband. As with the recent advances in
wireless broadband technologies and applications associated with unlicensed devices, so
too there have been significant advances in technologies and applications associated with
devices employing licensed spectrum. To build on these successes, and to promote the
tremendous possibilities associated with wireless broadband deployed using licensed
spectrum, the Task Force recommends that the Commission take the following additional
steps —

» Improve access to licensed spectrum —

e Move even more aggressively to put valuable spectrum on the market
through further improvements and streamlining of the Commission’s
spectrum allocation and assignment process;

e Expedite the transition of the Digital Television (DTV) spectrum to
advanced wireless services, including wireless broadband, given that
the propagation features in this spectrum are particularly useful for
wireless broadband applications, including mobile applications; and

e When adopting spectrum band plans, consider new configurations —
such as asymmetric pairing — that may be particularly conducive to
wireless broadband applications.



» Increase the technical and regulatory flexibility of Commission rules
applicable to the use of licensed spectrum —

e Adopt more “flexible use” policies that remove impediments to the use
of new and advanced wireless broadband technologies and
applications;

e Consider providing incumbent licensees in restrictive bands with
additional flexibility, either by granting significant new flexibility to
existing licensees or using creative market-based auction mechanisms;
and

e Further facilitate secondary market arrangements that provide wireless
broadband service providers with easy access to licensed spectrum, in
places and amounts that they need, and enhance opportunities for more
efficient and “dynamic” sharing of the same spectrum among different
users and uses made increasingly possible by current and future
technologies.

» Apply a pro-competitive, deregulatory framework — one that imposes the
fewest regulatory barriers at both the federal and state level — to wireless
broadband services to maximize innovation and consumer benefits —

e Consider classifying wireless broadband as an “information service” —
consistent with the Commission’s determination regarding broadband
services offered over cable networks and its tentative conclusion
regarding broadband offered over wireline — in order to minimize
potential regulatory hurdles at both the federal and state level;

e Consider examining whether wireless broadband constitutes an
“Interstate service” so as to minimize potential regulatory hurdles;

e Alternatively, consider applying the deregulatory principles applicable
to Commercial Mobile Radio Services (CMRS) under Section 332(c)
of the Communications Act — which laid the foundation for rapid
deployment of mobile voice and data services over the past decade — to
wireless broadband; and

e Similarly, consider clarifying the scope of state authority, under
Section 332(c), in setting “other terms and conditions” relating to
wireless broadband services so as to ensure that there are consistent
and minimal state regulatory barriers to nationwide wireless broadband
deployment.

Ensuring that the Commission takes a pro-active, visionary approach as
wireless broadband networks converge with other broadband service networks.
Increasingly, broadband services are being offered using a combination of more than one
type of facilities-based platform, including networks that combine licensed wireless
broadband with unlicensed wireless technologies, wireless and wireline broadband
technologies, terrestrial wireless with satellite broadband technologies, and wireless
broadband with broadband over power lines. In addition, even where the actual



underlying broadband networks are not composed of multiple technologies, some service
providers bundle together service offerings for different types of broadband networks.
Accordingly, the Task Force recommends that the Commission —

» Pro-actively consider, in ongoing and upcoming proceedings, the impact of
the nascent, yet increasingly rapid, convergence of wireless broadband with
other broadband technologies and services.

» Evaluate, on an ongoing basis, whether it is time to eliminate many of the
disparate regulatory paradigms that apply to different broadband access
technologies and services.

» Look for opportunities to remove outdated rules, and accord an increasingly
flexible regulatory environment for service providers, to facilitate the
convergence of wireless broadband and other broadband services and
technologies.

Building upon, and improving, the Commission’s outreach efforts to ensure the
rapid deployment of wireless broadband. During the last several years, the Commission
has expanded and improved its outreach concerning wireless broadband to various
governmental agencies, consumers, institutional users, and the industry, including service
providers and equipment manufacturers. The Task Force recommends that the
Commission continue to build upon these important efforts by taking the following
actions —

» Continue, and build upon, effective collaboration with other federal agencies —
including the Rural Utilities Services (RUS), the Appalachian Regional
Commission and Delta Regional Authority, and the Department of Homeland
Security — to facilitate the more rapid development of wireless broadband.

» Continue and build upon effective collaboration with State and Local
governmental organizations — including the Commission’s Intergovernmental
Advisory Committee — to promote wireless broadband deployment.

» Build upon and improve the Commission’s current outreach efforts with
consumers, institutional users, and the industry (including both service
providers and equipment providers) —

e Use outreach efforts to gain insights about developments in wireless
broadband and the needs of service providers, equipment providers,
and users;

e Improve the Commission’s analysis of the wireless broadband industry
to inform the development of pro-active Commission policies that

eliminate outdated regulatory barriers to the deployment of wireless
broadband; and



e Improve outreach to the public and the wireless broadband industry to
provide helpful information relating to wireless broadband — including
the maintenance of a robust Commission webpage dedicated to
wireless broadband issues that provide useful assistance to consumers,
institutional users, and service providers as they seek to take advantage
of the promise of wireless broadband.

II. The Task Force

The Task Force is comprised of a team of multi-disciplinary Commission staff,
from across several Bureaus and Offices that work on matters relating to both licensed
and unlicensed wireless broadband services. Its mission was to identify and recommend
changes in Commission policies that would facilitate the more rapid deployment of
wireless broadband services for the benefit of all Americans. In looking at ways the
Commission could help in making wireless broadband technologies available, the Task
Force actively sought the experience, expertise, and advice of consumers, state and local
governments, industry (such as equipment manufacturers and service providers), and
other stakeholders across the nation.

On May 5, 2004, the Task Force released a Public Notice seeking comment on
several issues that would help it to develop recommendations to the Commission.” The
issues on which the Task Force sought comment included: the extent and nature of
deployment of wireless broadband services, including the types of applications currently
associated with wireless broadband; additional steps the Commission might take to
improve access to spectrum capable of allowing wireless broadband; and possible
regulatory changes that would facilitate the deployment of wireless broadband services in
both rural and urban areas throughout the country.®

Since its formation, the Task Force has conducted several outreach efforts. On
May 19, 2004, the Commission’s Wireless Telecommunications Bureau and Office of
Engineering & Technology held a forum on wireless broadband (Wireless Broadband
Forum). The forum examined the technological, economic, and regulatory factors that
influence the availability and deployment of wireless broadband services. The event
provided an opportunity for business, technology, and regulatory experts to share their
knowledge, experiences, and views on the future of the wireless broadband industry.
Twenty-two speakers participated, including representatives of both fixed and mobile
service providers and of manufacturers developing new technologies used in both
licensed and unlicensed bands. Four panels examined, respectively, issues relating to
wireless broadband technologies, business strategies, barriers to entry in the market, and
the future of wireless broadband.’

5 See “Wireless Broadband Access Task Force Seeks Public Comment on Issues Related to Commission’s
Wireless Broadband Policies,” GN Docket No. 04-163, Public Notice, 19 FCC Red 8166 (DA 04-1266)
(2004) (WBATF Public Notice).

6 See WBATF Public Notice at 2-4.

7 See Appendix B (list of speakers at the Wireless Broadband Forum); Transcript of Wireless Broadband
Forum, <http://wireless.fcc.gov/outreach/2004broadbandforum/comments/transcript 051904.pdf>; see also



In addition, the Task Force conducted several field studies during the spring and
summer of 2004 to examine various wireless broadband deployment efforts underway
around the country. These field studies — in the San Francisco Bay Area, CA, Rapid City,
SD, New York, NY, Jacksonville, FL, and Raleigh, NC — allowed Task Force members
to meet with representatives from companies and organizations involved in innovative
wireless broadband deployments. Members witnessed live demonstrations of new
technologies, learned about issues being addressed and problems being solved by these
technologies, and gained insight on how regulatory issues may affect current or future
service rollouts in both urban and rural areas.® Through these efforts, the Task Force
learned about innovative wireless broadband technologies being used and developed,
examined the level of availability of wireless broadband services, and heard the concerns
of those involved in the front lines of these developments.

The Task Force also established a webpage and e-mail box dedicated to providing
useful information to the public regarding both licensed and unlicensed wireless
broadband services.” Launched in May 2004, the website serves as a single location for
information on issues relating to wireless broadband, and the e-mail box facilitates
communication between WISPs and Commission staff involved with wireless broadband
issues and provides WISPs with an additional contact and information resource to address
issues relating to deployment of wireless broadband services."

The Task Force received comments from over thirty parties in response to the
Public Notice. These comments were submitted by numerous interested parties,
including: manufacturers of both licensed and unlicensed wireless broadband
technologies; organizations that develop network standards employed in providing
wireless broadband; representatives and associations of service providers using both
licensed spectrum and unlicensed devices; associations representing rural
telecommunications providers; representatives of public safety organizations;
representatives of public television; representatives of airports; educational institutions;
academics; and economists.'" The Task Force also conducted its own research — through
review of articles, journals, reports, news releases, and websites, among other sources —
to develop a clearer picture of the current state and future potential of wireless
broadband.

“FCC Announces Wireless Broadband Forum to be Held on May 19, 2004,” Public Notice, 19 FCC Red
8091 (DA 04-1239) (2004). More information on the forum is posted on the Commission’s Wireless
Telecommunications Bureau webpage at <http://wireless.fcc.gov/outreach/2004broadbandforum>.

¥ The Field Studies are gathered and presented in Appendix C.
’ The webpage can be found at <http://www.fcc.gov/wbatf>; the e-mail address is “wbatf@fcc.gov.”

1 See generally <http://www.fcc.gov/wbatf>. For instance, the web site includes links to relevant
Commission proceedings, speeches and presentations, and public workshops and conferences, and it
provides detailed information on how interested parties can participate in Commission proceedings. The
mailbox is checked on a regular basis and questions and/or comments are directed to appropriate
Commission staff for a timely response.

' See Appendix A (list of commenting parties).
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III. Background and Overview of Wireless Broadband

This section provides an overview of broadband services in general, and the
variety of means by which such services are delivered to the American people. We also
touch on some of the special attributes of wireless broadband which underscore the
importance of finding ways for the Commission to further facilitate deployment of
wireless broadband. Finally, we note that convergence has already begun to take place
between and among wireless networks and other networks that can be used in the
delivery of broadband services.

A. Broadband Services in General

Definition of broadband. The term broadband commonly is used to refer to data
services that are fast, always available, and capable of supporting advanced applications
requiring substantial bandwidth. The Telecommunications Act does not define
“broadband” as such, although the Telecommunications Act of 1996 defines “advanced
telecommunications capability” as “high-speed, switched, broadband telecommunications
capability that enables users to originate and receive high-quality voice, data, graphics,
and video telecommunications using any technology.”"> We also note that in the
September 2004 Fourth Section 706 Broadband Deployment Report, the Commission
defined an “advanced telecommunications service” as having the capability of
supporting, in both the provider-to-consumer (downstream) and the consumer-to-provider
(upstream) directions, a transmission speed in excess of 200 kilobits per second (kbps)."

Because definitions of broadband have changed over time as technologies
continue to evolve, the Task Force chooses to adopt a flexible definition of broadband
instead of one that focuses entirely on a specific transmission speed (e.g., 200 kbps in
both directions). For purposes of this report, we use the term broadband to describe a
general set of transmission capabilities and characteristics, such as always-on, high-speed
Internet access with a sufficiently robust functionality suitable for evolving, bandwidth-
hungry applications. Although we do not adhere to a strict definition of broadband, we
nonetheless often refer to data transmission speeds — including many that exceed 200 or
300 kbps, or more, in one or both directions — as one of these important characteristics.

Types of broadband services. In its recent Fourth Section 706 Broadband
Deployment Report, the Commission noted that broadband services are provided using a

247 U.S.C. § 157 nt (c)(1).

1 See Availability of Advanced Telecommunications Capability in the United States, GN Docket No. 04-
54, Fourth Report to Congress (rel. Sept. 9, 2004) (Fourth Section 706 Broadband Deployment Report) at
12. However, broadband services have other attributes beyond maintaining certain transmission speeds.
For instance, Chairman Powell has also described broadband service as having the following attributes: (1)
a digital architecture; (2) the ability to carry Internet Protocol (IP) or other multi-layered protocols; (3) an
“always on” functionality; and (4) the ability to scale to greater capacity and functionality as uses evolve
and bandwidth-hungry applications emerge. See Michael K. Powell, speech at the National Summit on
Broadband Deployment, Washington, DC, October 25, 2001, available at
<http://www.fcc.gov/Speeches/Powell/2001/spmkp110.html>.
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variety of different technologies, network
architectures, and transmission paths. At
the present time, these broadband
platforms can be broken down into six

Figure 1. Broadband Is Available Using
Many Types of Technologies

High Speed Lines in Service

general types: (June 2004)
Fiber
e copper (i.e., wireline) 638,812
technologies (e.g., DSL); 2.0%
e cable technologies; atellite or
fiber technologies; Wireless
e wireless terrestrial 11,398,199 412,690
technologies — both 1.3%
unlicensed and licensed,; Other
e broadband over power Wireline
lines (BPL) technologies; 1,407,121

and Source: FCC 4.3%

e satellite technologies.'"

. . . Wireless is one of many technologies currently used
General discussion of broadband services by consumers to access the Internet at high speeds.

other than wireless broadband can be High speed lines are over 200 kbps in at least one
found in the 2004 Fourth Section 706 direction.

Broadband Deployment Report,” and
will not be addressed here.

Benefits of broadband. Broadband, in all of its forms, provides numerous benefits
to American consumers. Because broadband networks offer fast access to the multitude
of information available on the Internet, they can increase productivity and drive
economic growth, improve education, and allow consumers to make more informed
purchasing decisions. Broadband networks transport large amounts of data over long
distances in seconds, enabling applications such as distance learning, telecommuting, and
telemedicine. And broadband networks offer the ability to entertain by providing access
to interactive games, music downloads, and streaming audio and video applications.'

The Commission’s goals relating to broadband deployment. The Commission has
identified several goals related to the deployment of broadband services. First, it is
committed to adopting policies that will facilitate the timely deployment of reliable and
ubiquitous broadband services. The Commission is also focused on bringing the benefits
of broadband service to all Americans, including those in rural and underserved areas,
those with low incomes, and those with disabilities, as well as to schools and libraries."”
Furthermore, the Commission believes in promoting competition among multiple

14 See Fourth Section 706 Broadband Deployment Report at 14-23.
" Id. at 14-18, 22-23.

1 See generally id.

' 1d. at 8, 10.
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broadband providers in order to lower prices and improve service quality,'® and has stated
that multiple broadband networks can also complement one another in deploying
broadband service to all consumers.” In order to achieve these goals, the Commission
has generally advocated market-based mechanisms that will promote competition,
provide flexibility to broadband providers, and stimulate investment in broadband
networks.” At the same time, the Commission remains committed to ensuring that
certain, essential services, such as access to emergency services, are maintained across

platforms.

B. Wireless Broadband Services

1. Special Attributes of Wireless Broadband

Wireless is a unique broadband solution for several reasons. These include
providing both mobility and portability, efficiently connecting devices within short
distances, and bridging longer distances more efficiently than wireline and cable
technologies. This combination of mobility and portability can make broadband access
both seamless and ubiquitous. Just as wireless voice technologies have enabled

consumers to move through their daily
lives without having to worry about how
and where to make a call, wireless
broadband technologies can free
consumers from having to think through
when or where or how they will get access
to information and entertainment.
Wireless technologies also can be more
efficient for communicating between short
hops (e.g., Wi-Fi, home wireless
networks). In addition, wireless
technologies have the ability to reach
geographic areas, particularly rural areas,
that often cannot be efficiently served by
other technologies. Because the
deployment of wireless technologies does
not require running copper, cable, or fiber

Wireless broadband technologies
play a unique role in bringing
broadband to everyone,
everywhere, at any time.

Unlike other broadband technologies, wireless
broadband gives you “broadband on the go.” Its
uniqueness lies in its combined mobility and
portability. Either on a free-standing basis, or
when combined with other broadband networks,
wireless broadband imparts new freedom to users,
providing the kinds of seamless interconnectivity
that Americans increasingly seek.

In addition, wireless broadband plays a critical role
in bringing the benefits of broadband to rural and
underserved areas in the country, where it often is
the most efficient means of delivering these
services.

lines to individual homes, the costs of deployment often are lower than those associated
with these technologies. Further, wireless technologies frequently are a more cost-
effective solution for serving areas of the country with less dense populations, and
provide rural and remote regions new ways to connect to critical health, safety, and

educational services.

In addition to offering mobility and connectivity, wireless broadband also will
play an important role in the broadband industry by providing competition to existing

B1d at9, 44.
Y1d at9.
0 1d. at 46.



broadband services delivered through the currently more prevalent wireline and cable
technologies. Wireless broadband, as well as other alternative broadband platforms such
as satellite and broadband over power lines, can create a competitive broadband
marketplace and bring the benefits of lower prices, better quality, and greater innovation
to consumers.

2. Overview of Wireless Broadband Services

Wireless broadband services use wireless radio spectrum in the provision of
broadband services. These services are delivered through use of unlicensed Part 15
devices (license-exempt devices) or through devices utilizing licensed spectrum, or both
(with the different delivery mechanisms playing a complementary role). A general
overview of the spectrum bands, applicable rules, and equipment standards follows.

a) Wireless broadband using unlicensed devices

Spectrum bands available for unlicensed wireless broadband. Several spectrum
bands are currently used for the provision of wireless broadband services using
unlicensed devices. These bands include the 902-928 MHz band, the 2.4 GHz band, the
5 GHz band, and the upper-millimeter wave bands (which includes, inter alia, spectrum
bands at 60 GHz and 90 GHz). In addition, ultra-wideband technologies, which provide
short range communications, are permitted to operate in bands between the 3-10 GHz
range. None of these spectrum bands, however, is used exclusively by unlicensed
devices providing broadband services. Depending on the particular band, license-
exempt wireless broadband devices access spectrum in bands that are used by other types
of unlicensed devices as well as licensed services.

General rules that apply. In accordance with Part 15 of the Commission’s rules,
use of low power devices that emit radio frequency energy without a license is
permissible, provided that the devices comply with certain technical requirements. All
Part 15 unlicensed devices must obtain an FCC equipment authorization. This
authorization ensures appropriate radio frequency emissions limits for the relevant bands
of operation. The principal operating requirement for unlicensed devices is that their
operation cannot cause harmful interference to any authorized service and they must
accept all interference received from other devices, including other unlicensed devices.

Standards that apply. The Commission’s Part 15 rules provide manufacturers
with the flexibility to manufacture unlicensed devices using any technology as long as the
devices comply with certain technical parameters that vary according to the particular
bands of operation. In practice, unlicensed devices operate pursuant to both proprietary
standards and industry-established standards. Many manufacturers manufacture
proprietary equipment, which does not comport with any particular voluntary standard.
Differentiating particular product features or functionality and tailoring equipment to
particular applications are two reasons some manufacturers opt not to manufacture
according to industry standards. Alternatively, many manufacturers develop equipment
that operates pursuant to voluntary standards established by industry standards groups.
These latter standards ensure interoperability between equipment manufactured by a
variety of vendors. Some typical industry-developed standards used for unlicensed
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devices include Wi-Fi (IEEE 802.11), Bluetooth, and WiMax (IEEE 802.16).”' Recent
developments in some of the standards used by unlicensed devices are discussed more
fully in Section IV.A, below.

b) Wireless broadband services using licensed spectrum

Spectrum bands available for licensed wireless broadband. Wireless broadband
services may be provided in numerous different licensed spectrum bands, including bands
regulated pursuant to:

o Part 22 (Cellular Service in the 824-849 and 869-894 MHz bands);

o Part 24 (Broadband Personal Communications Service in the 1850-1990 MHz
bands);

o Part 27 (Lower 700 MHz Service in the 698-746 MHz bands, Advanced
Wireless Service in the 1710-1755 and 2110-2155 MHz bands, Broadband
Radio Service/ Educational Broadband Service in the 2495-2690 MHz bands,
Wireless Communications Service in the 1390-1395, 1432-1435, 1670-1675,
2305-2320, and 2345-2360 MHz bands);

o Part 90 (Public Safety in the 4.9GHz band); and,

o Part 101 (Point-to-point Microwave in various bands; Multichannel Video
Distribution and Data Service in the 12.2-12.7 GHz band, the 24 GHz Service
in the 24 GHz band, Local Multipoint Distribution Service in the 27-29 and 31
GHz bands, the 39 GHz Service in the 39 GHz band, and the 70/80/90 GHz
bands).*”

General rules that apply. The regulations in these bands generally provide
exclusive use rights to licensees under a variety of different licensing regimes, as set forth
under the applicable rule parts. Depending on the particular band at issue, the provision
of mobile” or fixed services,” or both,” is permitted.

Standards that apply. Manufacturers have developed several different technology
standards for wireless broadband equipment that operates in the licensed wireless bands.
Many of these technologies, including EDGE, WCDMA, and CDMA EV-DO, employ
standards that have been developed by industry standards groups, while others use
proprietary standards. WiMax is an “open” wireless broadband technology standard

I As noted below, the WiMax standard applies to equipment manufactured for licensed spectrum bands as
well as unlicensed devices.

22 Note that this list of bands and services is intended to be illustrative, not all-inclusive.

 Because of the certain propagation features of lower bandwidths, mobile services generally are found in
the lower bands of spectrum.

** Because of propagation features of upper bandwidths, fixed services generally are found in the upper
bands of spectrum.

» See, e.g., 47 C.F.R. § 24.3 and Part 24 subpart E (broadband PCS); 47 C.F.R. § 27.2 and Part 27 (WCS
and AWS). In recent years, the Commission has generally been adopting “flexible use” policies for newly
licensed spectrum.
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currently being developed by the IEEE for use in both the licensed and unlicensed
spectrum bands. These standards are discussed more fully in Section IV.A, below.

C. Convergence of Various Broadband Networks

As noted above, there are several platforms other than wireless that can be used in
the delivery of broadband services. We have, however, already begun to see the
convergence of these various networks in the provision of broadband services.® For
example, satellite services are often used as backhaul for terrestrial wireless broadband
Wi-Fi networks. We discuss this convergence in more detail in Section VII, below.

IV. Current Deployment of Wireless Broadband

A. Technological Developments in Wireless Broadband

There are a wide variety of technologies used in the provision of wireless
broadband services. Enhancements to current technologies, as well as developments of
entirely new kinds of technologies, are continually increasing the number of available
options. Whereas, historically, wireless broadband technologies have tended to be
characterized as either
exclusively fixed or mobile
platforms, the introduction of Figure 2. Wireless Broadband Technologies
new standards and
technologies providing both
types of services is blurring
these distinctions. For
instance, recent advances in
cellular technologies have
increased the associated data
transmission rates for these
technologies; even though
cellular technologies may use
purely mobile platforms from
a technical standpoint, they
are increasingly becoming a
substitute for certain fixed
wireless broadband services.

Distance

Wireless broadband
networks can span the length of a room, a building, reach several miles, or even cover the
nation. This section will provide a general overview of current and emerging wireless
broadband access technologies.

% See generally Fourth Section 706 Broadband Deployment Report at 45-46.
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1. Fixed or Portable Technologies

Fixed or portable wireless broadband access technologies fall within three
principal categories of networks, defined principally by the short, medium, or longer-
range of coverage capabilities for which they are optimized. As general matter, there are
three basic types of such wireless networks: (1) wireless personal area networks
(WPANSs), with network links typically shorter than 10 meters; (2) wireless local area
networks (WLANS), with individual network links that can span up to three miles, and
(3) wireless metropolitan area networks (WMANSs), with individual network links that
can span distances of up to 30 miles.

With the continuing developments in wireless broadband technologies, just as the
distinctions between fixed and mobile wireless technologies are beginning to become less
well-defined, so too are the differences between technologies used for WPANs, WLANS,
and WMANSs. For example, while WiMax — a developing wireless networking
technology — is generally held out to be suitable for longer distance, outdoor networking,
some industry observers note that, longer term, its technical properties may make it well-
suited for shorter range WLAN or even WPAN networks. Nonetheless, to understand the
general characteristics and applications of different fixed and portable wireless
networking technologies and to provide an overall contextual framework for such
technologies, it is useful to discuss and categorize them according to their current and
most prevalent deployments.

Short-range wireless networks — Wireless Personal Area Networks (WPANS).
Wireless broadband networks and associated technologies that operate in short ranges are
commonly referred to as Wireless Personal Area Networks (WPANSs).”” These networks
often span only a few feet, and usually do not extend beyond 10 meters; they have been
characterized as networks that “create a virtual bubble around the user.””® Generally,
WPAN technologies provide interconnectivity among mobile devices (including laptops,
PDAs, pagers, televisions, and mobile phones) and desktop devices, serving as a
replacement for wires and cables that connect different electronic devices together.

Bluetooth, currently the most common WPAN technology, is a product of the
Bluetooth Special Interest Group (SIG), which was founded by Ericsson, IBM, Intel,
Nokia, and Toshiba in 1998.” The relevant IEEE standards for Bluetooth are 802.15.1
and 802.15.2. Data rates for Bluetooth are currently up to 720 Kbps. Bluetooth
equipment operates in the 2.4 GHz band on an unlicensed basis. In November 2004, the
Bluetooth SIG announced a timeline for technical enhancements to the technology that

%7 The IEEE family of standards for WPANs is 802.15 x.

* Wi-Fi A to Z — Everything You Wanted to Know About Going Wireless, PC UPGRADE, Dec. 31, 2003, at
138.

% The name “Bluetooth” is derived from the 10" century Danish King Harald Blatand — or Bluetooth. His
efforts united warring factions in what are now the countries of Norway, Sweden, and Denmark. The
Bluetooth SIG wishes that the Bluetooth wireless technology be used analogously “to allow collaboration
between industries such as the computing, mobile phone and automotive markets.” See
<http://www.bluetooth.org>.
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would increase data rates to between 1-3 Mbps, extend transmission distances, improve
interoperability, quality of service, and security.”® The Bluetooth SIG believes that these
enhancements will enable Bluetooth WPANSs to be used as part of sensor systems (e.g.,
home security systems), for streaming audio applications, multi-player gaming, and ad-
hoc file sharing.’

Ultra-wideband is another short-range wireless broadband technology. Ultra-
wideband technology uses low-powered, pulse modulation. Extremely narrow, or short,
bursts of energy are modulated over a bandwidth that is quite large, often exceeding one
gigahertz.*> With networks spanning fewer than 10 meters and data rates of up to 100
Mbps, ultra-wideband offers a potential WPAN alternative to Bluetooth.” Indeed,
because its data rates are so much higher than those possible with Bluetooth, ultra-
wideband may have more diverse applications. For example, while ultra-wideband
communications can be used for in-home computer and peripheral networking, the high
potential data rates also make it useful for distribution of audio and video transmissions
and, as a result, it may be used for linking cable boxes and associated televisions sets or
transferring images from a digital camera to a laptop or television.”® Ultra-wideband
communications operations are permitted indoors and on an unlicensed basis from 3 GHz
to 10 GHz.”” In August 2004, the Commission authorized the first ultra-wideband chip
set. The IEEE 802.15 committee is in the process of developing a standard for ultra-
wideband networking devices. Currently, there are two different proposed technological
approaches, one which uses direct sequence spread spectrum modulation and the other
which uses multi-band Orthogonal Frequency Division Multiplexing (OFDM)
modulation.

ZigBee is another type of WPAN technology. ZigBee networks operate in the
902-928 MHz and 2.4 GHz bands, and have a range of up to 70-100 meters with data
rates of 250 kbps.*® ZigBee technology is most likely to be deployed in sensory mesh
networks and included in commercial and household products, such as thermostats,
smoke detectors, medical devices, lighting, and keyless entries.”” As one industry

3% Bluetooth SIG Lays Out Roadmap For Bluetooth Wireless Technology, Press Release, Bluetooth SIG,
available at <http://www.bluetooth.com/news/sigreleases.asp>.

3 See id.

32 See generally Revision of Part 15 of Commission's Rules Regarding Ultra-Wideband Transmission
Systems, First Report and Order, 17 FCC Red. 7435 (2002), and Second Report and Order, 34
Communications Reg. (P&F) 749 (2004).

33 Martin Reynolds, Ultrawideband Opens Wireless Networks to New Possibilities, GARTNER, Feb. 20,
2002.

3* Suppliers Push Ultrawideband as Wireless Alternative, <http://www.computerweekly.com>, Mar. 13,
2003.

33 See Martin Reynolds, Ultrawideband Opens Wireless Networks to New Possibilities, GARTNER, Feb. 20,
2002.

3% Robert Jaques, Zigbee is Buzzing, THE REGISTER, Oct. 17, 2004.
37 Eric Griffith, Zigbee (Almost) Arrives, <http://www.wi-fiplanet.com/news/article>, Dec. 16, 2004.
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observer posited, ZigBee’s principal application is to replace line-of-sight infrared
technology used for remote controls.® Currently, up to 255 different devices can be
linked per ZigBee network.” Although its functionality overlaps with Bluetooth in many
respects, ZigBee’s relatively lower data rates may limit its applications. For instance, it
may be used to provide information links between various objects as part of the
management and control of sensory networks rather than as a data communications
technology; or, one could use ZigBee with a computer local area network as a means to
control all of the lighting within a home.

In December 2004, the ZigBee Alliance, a consortium of more than 100
companies supporting the development of ZigBee products, finalized the Zigbee 1.0
standard.* This standard will ensure interoperability between different Zigbee products.
The relevant IEEE standard is 802.15.4, although ZigBee 1.0 is not completely
coextensive with IEEE 802.15.4.* Now that the ZigBee 1.0 has been finalized, analysts
have projected that between 5 to 100 million ZigBee chips could be shipped within the
next few years.*

While Bluetooth, ultra-wideband, and ZigBee are all classified as WPAN
technologies and are all included in the IEEE 802.15 family of standards, each
technology is targeted for slightly different applications, although to some extent they
may overlap. Bluetooth is focused on communications and computing applications,
ultra-wideband is targeted at short distance, relatively higher data rate applications, and
ZigBee addresses industrial and utility applications — requiring long battery life and
relatively lower data rates.*

Medium-range wireless network — Wireless Local Area Networks (WLAN).
Wireless Local Area Networks (WLANS) are often used for point-to-multipoint
transmissions for distances of fewer than 300 feet. WLAN technologies, however, also
can be used for Internet connectivity for longer distances, using a point-to-point network
configuration; indeed, many WISPs currently use these technologies for networks that
span long distances. Generally, WLANSs have individual links that span fewer than three
miles.

The most prevalent WLAN technology is equipment manufactured in accordance
with the IEEE 802.11 family of standards, commonly known as “Wi-Fi,” short for
Wireless Fidelity. There are three primary types of Wi-Fi. Earliest to market, and hence
most ubiquitous, is IEEE 802.11b, which operates on an unlicensed basis in the 2.4 GHz
band with data rates of up to 11 Mbps. IEEE 802.11g, the technological successor to

3 See id. (quoting Bob Heile, chairman of the ZigBee Alliance).

39 See Robert J aques, Zigbee is Buzzing, THE REGISTER, Oct. 17, 2004.

40 See Eric Griffith, Zigbee (Almost) Arrives, <http://www.wi-fiplanet.com/news/article>, Dec. 16, 2004.
! See id.

2 See id.

43 Stan Bruederle, Ultrawideband: A Total PAN Perspective, GARTNER DATAQUEST, Dec. 18, 2003.
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IEEE 802.11b, uses OFDM modulation and has data rates of up to 54 Mbps. It also is
backward-compatible with IEEE 802.11b, such that WLANSs can be configured using
equipment manufactured according to either standard (although using both types of
equipment together can reduce expected data rates). Finally, the IEEE 802.11a standard
is used by WLAN equipment operating on an unlicensed basis using OFDM modulation
in the 5 GHz band.

Equipment manufactured according to the different Wi-Fi standards has various
advantages and disadvantages. For example, equipment employing the IEEE 802.11b/g
standard, which operates in the 2.4 GHz band, generally is lower in cost and includes a
wider selection than equipment under other standards. Also, when compared with
equipment operating in the 5 GHz band, signals propagate farther using the same transmit
powers. However, because this equipment is deployed in the 2.4 GHz band, it effectively
shares this band with many other types of unlicensed wireless devices operate, and it
must do so with a smaller amount of bandwidth than is available in the 5 GHz band.

Finally, spectrum in the 70, 80, and 90 GHz “ upper millimeter wave” bands is
also used for WLAN applications. The Commission recently allowed these bands to be
used for wireless, high-speed, point-to-point communications using an automated link
registration and coordination system.* Two companies, Gigabeam and Loea, have filed
for licenses to use this spectrum, though have not yet deployed service. Gigabeam plans
to develop and sell line-of-sight, high-speed, point-to-point communications equipment
for this band, and is targeting customers in commercial buildings seeking high capacity
data links to other buildings not reached by fiber networks. Users of GigaBeam’s
equipment would install transceiver units, pointed at each other, on the rooftops or
windows of two buildings; transceivers would establish a line-of-sight wireless
connection to carry data traffic between the two buildings at transmission speeds ranging
from 1.25 to 2.5 gigabits per second. **

Longer-range wireless networks — Wireless Metropolitan Area Networks
(WMANSs). Wireless Metropolitan Area Networks (WMANS) are point-to-point or point-
to-multipoint networks with individual links that not only can span distances of up to 30
miles, which is important for backhaul applications, but also can provide last-mile
connectivity in metropolitan environments. WMANSs can employ vendor-specific
proprietary equipment and associated technologies or they can be manufactured
according to IEEE standards.

When initially adopted, the WMAN IEEE 802.16 standard addressed only
licensed networks in the 11-66 GHz range using standardized equipment, including the
Local Multipoint Distribution Service (LMDS) at 24 GHz and 39 GHz. Data rates for
these systems are high, with up to 155 Mbps within a 2-mile range, but transmission
requires line-of-sight between network access points. This technology is well-suited for

* See Section V.A, infia.
* Gigabeam Corp., SEC Form 424B4/Propectus, filed Oct. 15, 2004, at 2.
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“business districts where rooftop mounting of subscriber dishes is permissible.”* This
standard, however, is not suitable for lower frequencies due to its line-of-sight and large
bandwidth requirements.

Although the IEEE 802.16 standard was not finalized until 2001, wireless
broadband systems were already operating in the 11-66 GHz range of frequencies.
Before the standard was developed, the technologies used in these frequencies were
technically similar to the ones specified in the IEEE 802.16 standard and, indeed, one of
the goals of the IEEE 802.16 standard was to standardize the equipment for these bands,
thereby enabling better interoperability and reducing equipment costs.

A number of licensed carriers currently operate in the 11-66 GHz range,
specifically in the 24 GHz, 39 GHz, and LMDS bands, often referred to as the “upper
bands,” offering fixed wireless broadband services. The major carriers in these bands,
including First Avenue Networks and XO Communications, have begun to focus on
providing backhaul transport and private line telecommunications services to other
carriers and large business customers.”’” Many providers using these upper bands have
also begun leasing spectrum on a point-to-point or geographic area basis to other fixed
and mobile carriers. For example, in May 2004, IDT announced the reorganization of its
fixed wireless division to focus on providing private line, wholesale, and backhaul
services, as well as leased spectrum, to other telecommunications companies, including
mobile and fixed wireless carriers.”® XO Communications is offering a range of wireless
broadband services, including VoIP, high-speed Internet access, and other data services,
at speeds ranging from one to 20 Mbps, to small and medium sized businesses in
conjunction with its metropolitan fiber networks.*

Manufacturers are continuing to develop new types of WMANs and associated
technologies under the 802.16 family of standards. In January of 2003, the IEEE adopted
the 802.16a standard — commonly referred to as WiMax — as an extension of the
previously existing 802.16 standard. IEEE 802.16a addresses operations in the 2-11 GHz
bands, which spans both licensed bands and those available for unlicensed devices.
WiMax networks have shared data rates of up to 75 Mbps.® Importantly, the new
standard employs OFDM. OFDM allows signals to pass through buildings and trees.
This development increases spectral efficiency and robustness from interference and
reduces multipath distortion; that is, radio signals that are generated from the original,
desired signal but that are distorted because they are reflected from objects in the
environment. Subsequently, the IEEE 802.16a standard has been extended to include
802.16d, which is also for fixed wireless broadband applications. Also, in light of the

% Jim Geier, Wireless LANs (Sams Publishing, 2™ Ed. 2002), p. 61.
*7 Last July, First Avenue purchased all of Teligent’s assets. The transaction closed in December of 2004.
*® IDT to Reorganize Winstar Division, RCR WIRELESS NEWS, May 12, 2004.

* Wireless, COMMUNICATIONS DAILY, Jan. 15, 2004; Daniel Sweeney, The Reappearance of LMDS,
BROADBAND WIRELESS BUSINESS, November/December 2003, at 6-9.

% Intel, IEEE 802.16 and WiMax, Broadband Wireless Access for Everyone, White Paper, at 3, available at
<http://www.techonline.com/community/related _content/30627>.
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significant demand for mobile wireless broadband, the IEEE 802.16 group is working
toward finalizing 802.16¢, a mobile wireless extension.”’ The 802.16 standard also has
extensions for advanced antenna technologies, including beamforming and Multiple Input
and Multiple Output (MIMO) antennas, as well as for mesh network topologies.” Taken
together, the most important aspects of the new IEEE 802.16 standard are that: it can be
used for applications in both licensed and unlicensed spectrum, increasing its flexibility
of use; customer premise equipment will be interoperable with other equipment that uses
the same standard; the equipment is robust from interference and does not require line-of-
sight; the standard allows for use of advanced communications technologies; and, at
some point in the near future, the standard will encompass both fixed and mobile wireless
applications.

To promote the continued development and deployment of products that are based
on the IEEE 802.16 family of standards, many wireless equipment manufacturers and
service providers joined together to create the WiMax Forum. As of February 2005,
there were more than 200 members of the WiMax Forum, including, among others, Intel,
Cisco, Nortel, Alvarion, Airspan, Fujitsu, Nokia, AT&T, Sprint, and Vodafone.”
WiMax-certified fixed wireless broadband equipment will likely not be available in the
United States until the end of the first quarter in 2005, with mobile and portable
equipment not available until the end of the third quarter in 2005. Many predict that
WiMax will become a significant commercial success. Even before the first WiMax-
certified equipment in the United States was shipped, one market research firm estimated
that WiMax equipment sales will reach $2.2 billion by 2009.*

The principal spectrum bands that are the most likely for initial deployments of
IEEE 802.16 and WiMax-compliant equipment are in the Broadband Radio Service
(BRS)/Educational Broadband Service (EBS) in the 2.5 GHz band, and in the 3.5 GHz

3t is useful to compare IEEE 802.20, discussed earlier, and IEEE 802.16e, the proposed mobile extension
of WiMax. While there is significant overlap in the functionality of technologies that will be manufactured
according to the two standards, one observer noted the following distinction: “802.16¢ is looking at the
mobile user walking around with a PDA or laptop, while 802.20 will address high-speed mobility issues.”
See “802.16e v. 802.20,” available at <http://www.Wi-Fiplanet.com>. Indeed, some assert that 802.20 is
more targeted as a competitor of cellular, while 802.16¢ is more focused on being a data technology. See
“IEEE Scores 802.16d,” available at <http://Dailywireless.org>.

>2 Beamforming and MIMO are two advanced antenna technologies. In October 2004, Belkin introduced
the first MIMO Wi-Fi products. Using MIMO antenna technology, Belkin asserts that its equipment has
800% wider service coverage and 600% faster speeds than typical 802.11g deployments. See Belkin
Wireless Pre-N Networking Products Hit Store Shelves, Press Release,
<http://www.belkin.com/presspage/Releases/10_08 04WIsPreN.html>, Oct. 8, 2004. One observer noted
that MIMO antennas are expected to improve transmission coverage by effectively doubling the cell radius
for comparable non-MIMO antenna networks. This would thus reduce the number of base stations required
in a cellular system by a factor of 16. See Dailywireless, IEEE Scores 802.16d, available at
<http://Dailywireless.org>.

>3 See generally <http://www.wimaxforum.org>.

> See Visant Strategies, 802.16/WiMax, Strategic Overview 2004, available at
<http://www.visantstrategies.com/pr80216.htm>.
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band, which is currently available for use in Europe and other countries (and whose use
in the United States currently is the subject of a pending Notice of Proposed
Rulemaking).” While product development focuses largely on outdoor wireless
broadband applications, various proponents of WiMax advocate its use for indoor
networking and multimedia applications as well.*® One of the largest impediments to the
deployment of WiMax for indoor applications is the current price point, which is
relatively high when compared with other wireless in-home networking technologies.

One example of a WMAN deployment with proprietary equipment is Clearwire,
although this equipment will later evolve to meet the new 802.16 WiMax standard. (See
Appendix A, Field Study for Jacksonville FL.) In August 2004, Clearwire launched
mobile broadband service in Jacksonville, FL using non-line-of-site OFDM equipment
and spectrum leased from the Educational Broadband Service (EBS) (formerly the
Instructional Televisions Fixed Service (ITFS)) licensees in the 2.5 GHz band.”” The
company has since expanded service three additional locations: Abilene, Texas; St.
Cloud, MN; and Daytona Beach, FL. In October 2004, Clearwire announced a deal with
Intel in which Clearwire will deploy equipment based on the 802.16 WiMax standard of
which Intel has been a major proponent and developer. The equipment will be
manufactured by Clearwire’s subsidiary, NextNet Wireless, and will include 802.16¢
WiMax chipsets manufactured by Intel.*® The 802.16¢ version of WiMax allows wireless
broadband services to be offered on a wide-area mobile, rather than a fixed, basis.

Several equipment manufacturers also have developed proprietary equipment for
use on an unlicensed basis in WMANSs. For example, Motorola’s Canopy proprietary
WLAN system operates on an unlicensed basis in the 900 MHz, 2.4 GHz, and 5 GHz
bands, and the recently-announced enhanced version of Canopy is targeted to have data
rates of up to 20 Mbps.” Network links within Motorola’s Canopy system can be up to
35 miles. Alvarion manufactures proprietary point-to-point wireless broadband access
equipment as well. Both manufacturers plan to deploy equipment compliant with the
WiMax standard. In June 2004, Alvarion announced the initial release of its first
WiMax-compliant system, BreezeMAX.* Designed to accommodate services from in-

> See id. (noting that the 2.5 GHz band will likely be used for WiMax deployments). The 3.5 GHz band is
also used for non-WiMax technologies in Europe.

%6 See presentation of Ken Stanwood, Cygnus Multimedia Communications, Vice-Chair, IEEE 802.16
Working Group, (presentation 9/2004), noting, inter alia, that IEEE 802.16 provides better quality of
service guarantees than IEEE 802.11 and that it enables the use of advanced technologies that are more
robust for the poor RF environment indoors.

37 Intel, Clearwire to Accelerate Deployment of WiMax Networks Worldwide, News Release, Clearwire,
Oct. 25, 2004.

38 Id.; Howard Buskirk, Intel Makes Major Investment in WiMax with McCaw, COMMUNICATIONS DAILY,
Oct. 26,2004, at 7.

% Motorola’s Canopy Launches Next Generation Platform of is Wireless Broadband Products, Press
Release, <http://motorola.canopywireless.com/news_home.php>, Oct. 27, 2004.

% Alvarion Launches BreezeMAX, Its WiMax Platform Develop from the Ground Up Based on IEEE
802.16/HiperMAN Standards, Press Release, Alvarion, June 2, 2004.
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home networking to hot spot backhaul, this system operates in the 3.5 GHz band, which
is currently available for wireless broadband applications in Europe and Asia Pacific.

2. Mobile Technologies

Mobile wireless broadband services allow consumers to access the Internet and
other data services at any variety of locations — at high speeds and while mobile — using a
cell phone, a personal digital assistant (PDA), or a wireless modem card connected to a
laptop computer. Mobile broadband services offered by cellular and PCS providers are
also commonly referred to as third generation, or “3G,” services or advanced wireless
services.

At the current time, most mobile carriers in the United States use one of two
major digital technologies to offer voice services: CDMA or GSM.” CDMA and GSM
carriers have been deploying a separate series of technologies in order to upgrade their
networks to offer data, as well as voice, services. Since 2002, several wireless began
increasing the data speeds on mobile telephone networks. Specifically, many CDMA
carriers have deployed a network overlay called 1xRTT, while many GSM carriers have
launched GPRS.® 1XxRTT and GPRS allow carriers to offer mobile data services at
maximum data transfer speeds of 115 kbps and 144 kbps, respectively, with actual speeds
ranging from 30 to 70 kbps. As of June 2004, 273 million people, or 96 percent of the
U.S. population, lived in counties where 1xRTT networks had been deployed, and 264
million people, or 93 percent of the U.S. population, lived in counties where GPRS had
been deployed.”® As an upgrade beyond GPRS, some GSM carriers have also deployed
EDGE technology,* which allows faster data transfer speeds of around 100 kbps (typical)
and 384 kbps (peak).

Over the past year, several wireless carriers have begun to deploy significantly
faster broadband technologies on their mobile cellular networks, and many have
announced plans to launch or expand these technologies further in the future. Since
October 2003, Verizon Wireless has launched high-speed mobile Internet access service
using CDMA 1x EV-DO (EV-DO) technology in 30 major U.S. cities, covering 75
million people.” EV-DO technology increases maximum data transfer speeds to 2 Mbps,
and typical, user-experienced download speeds range from 300 to 500 kbps. With the

! CDMA stands for Code Division Multiple Access, and GSM stands for Global System for Mobile
Communications. The third major type of digital technology in use is TDMA (Time Division Multiplexing
Access); however, the mobile carriers using TDMA are in the process of upgrading their TDMA systems to
GSM. In addition, the carriers using Specialized Mobile Radio (SMR) licenses to deploy mobile telephone
services, such as Nextel, use a digital technology called iDEN (integrated Digital Enhanced Network).

2 GPRS stands for General Packet Radio Service.

83 See Implementation of Section 6002(b) of the Omnibus Reconciliation Act of 1993, Annual Report and
Analysis of Competitive Market Conditions with Respect to Commercial Mobile Services, Ninth Report, 19
FCC Red 20597, 20654 9 138 (2004) (Ninth Annual CMRS Competition Report).

% EDGE stands for Enhanced Data Rates for GSM Evolution.

8 On Demand in the Palm of Your Hand: Verizon Wireless Launches “VCAST” — Nation’s First and Only
Consumer 3G Multimedia Service, News Release, Verizon Wireless, Jan. 7, 2005.
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Figure 3. The Move to 3G and Beyond:
Mobile Network Technology Evolution by U.S. Wireless Carriers

Data Download
Speed (Kbps)

EV-DO service, subscribers can access the Internet while mobile via a wireless modem
card connected to a laptop computer or PDA, or download a range of multimedia content
and advanced applications, including mobile television programming, on certain handset
models. Verizon Wireless plans to expand its EV-DO coverage to a total of 150 million
people by the end of 2005.% Sprint expects to roll out EV-DO technology to cover 130
million by the end of 2005 and to cover 150 million by early 2006.%

During the summer of 2004, AT&T Wireless (now part of Cingular Wireless)
announced the commercial availability of Wideband CDMA (WCDMA), or UMTS,
technology in six U.S. cities: Seattle, San Francisco, Phoenix, Detroit, San Diego, and
Dallas.”” UMTS is the next migration step for GSM carriers beyond EDGE and allows
maximum downstream data speeds of up to 2 Mbps, and typical, user-experienced speeds
of 220-320 kbps. In November 2004, after completing its merger with AT&T Wireless,
Cingular announced that it plans to deploy UMTS/HSDPA (High Speed Downlink

% Jd.

57 Simon Flannery et al., Sprint Corp. — With Deal Firmly on Track, Nextel is the Way to Play, Morgan
Stanley Equity Research, Feb. 11, 2005, at 2.

68 UMTS stands for Universal Mobile Telecommunications System.

% AT&T Wireless Extends 3G UMTS to Dallas and San Diego, Press Release, AT&T Wireless, Sept. 1,
2004.
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Packet Access) networks in several major U.S. markets beginning in 2005. HSDPA will
allow average download speeds of 400-700 kbps with burst rates up to several Mbps.”

While many of the mobile technologies and standards developed to date are
cellular technologies, several companies are now working to develop highly mobile
technologies and standards that also have some of the desirable characteristics of fixed
wireless broadband systems. In some ways, although they can operate at vehicular
speeds, these technologies represent a technological “middle ground” between purely
mobile and purely fixed systems. That is, they have generally higher data throughput
rates than cellular technologies, but have lower throughput data rates than fixed
technologies. At the same time, they have symmetric data rates and lower latency, when
compared with the highly asymmetric data rates and relatively higher latency of cellular
technologies.”” One such developing standard is the IEEE 802.20 standard, Mobile
Broadband Wireless Access (MBWA) (sometimes referred to as “Mobile-Fi”).
Equipment developed according to this standard will operate in licensed frequency bands
below 3.5 GHz, support peak data rates of 1 Mbps or more, and support vehicular

Figure 4. Mobile Broadband Deployment by Technology
(January 2005)

@ CDMA 1xEV-DO

@ WCDMA/UMTS

@ Flash-OFDM

70 Cingular to Deliver 3G Broadband Services, News Release, Cingular, Nov. 30, 2004.
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mobility of up to 250 Km/h (i.e., 155 mph).” The coverage area will be comparable to
that associated with wireless networks that cover entire metropolitan areas. This
technology is sometimes touted as being a possible option for “4G” cellular networks.”

Flarion is one of the most active participants in the IEEE standards group working
to finalize the 802.20 standard. Flarion has developed a proprietary technology, Flash-
OFDM, that is closely akin to the developing 802.20 standard. In April 2004, Nextel
Communications began offering wireless broadband service in Raleigh-Durham, N.C.
using Flash-OFDM technology developed by Flarion.”* Customers can purchase either a
wireless modem for a personal computer or a wireless modem card for a laptop computer.
Typical, user-experienced download speeds range from 950 kbps to more than 1 Mbps,
with burst rates of up to 3 Mbps, and the typical uplink speed is 375 kbps with burst rates
up to 750 kbps. Nextel has been currently using leased broadband PCS spectrum for the
Raleigh OFDM deployment and at one time stated that it would consider using its 2.5
GHz Broadband Radio Service (BRS) licenses to deploy the Flarion service to additional
markets in the future.” However, in February 2005, shortly after announcing its
proposed merger with Sprint, Nextel announced that it would end its Flarion Service in
Raleigh by June 2005.7° In January 2005, Sprint joined the WiMax Forum, and analysts
speculate whether the new, combined company may use its BRS spectrum to deploy
WiMax instead of, or in addition to, Flash-OFDM or 802.20 technology.”

" See id.

72 See Mark Klerer, Introduction to IEEE 802.20, available at
<http://www.ieee802.0org/20/P_Docs/IEEE%20802.20%20PD-04.pdf>, Mar. 10, 2003.

73 See IEEE Scores 802.16d, available at <http://www.Dailywireless.org>.
™ See Appendix C (Field Study of Raleigh, NC).

5 Wireless, COMMUNICATIONS DAILY, Feb. 9, 2004; Transcript, Event Brief of Nextel Communications
Earnings Conference Cal - Final, FD (Fair Disclosure) Wire, July 21, 2004 (quoting Barry West, Executive
Vice President and Chief Technology Officer, Nexte] Communications).

" Dan Meyer, Nextel to End Flarion Trial, Deemed Successful, RCR WIRELESS NEWS, Feb. §, 2005.

7 See Sprint Joins the WiMax Forum, News Release, Sprint, Jan. 31, 2005; Brad Smith, The Sprint-Nextel
Merger Raises Questions about the Future of Flarion’s Flash-OFDM, WiMax, and Even CDMA,
WIRELESS WEEK, Jan. 1, 2005.
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Figure 5. Wireless Broadband Deployments on Licensed Spectrum:
Snapshots from Other Countries

United Kingdom

In the United Kingdom, UK Broadband, a
wholly-owned subsidiary of Hong Kong
telecom provider PCCW, offers a wireless
broadband service called Netvigator. The
service, which launched in May 2004, allows
consumers to connect a portable, plug-and-
play wireless modem to a laptop or PC using
Ethernet or USB cable, and access the
Internet at speeds of 512 to 1 Mbps. The
wireless modems are manufactured by
IPWireless or Navini, and employ licensed
spectrum in the 3.4 GHz band.

Australia

In Australia, consumers and business
customers can purchase mobile broadband
services that use Arraycomm’s TDD iBurst
technology. The technology allows typical
data transfer speeds of 1 Mbps, with a
maximum base station capacity of 20 Mbps.
Customers can either access the Internet
while mobile using a wireless modem card
inserted into a laptop or PDA, or use the
service on a fixed basis with a modem-sized
device connected to a PC or laptop with
Ethernet or USB cable. The iBurst service
employs licensed spectrum in the 1900-1920
MHz band that is held by Arraycomm’s
subsidiary, Personal Broadband Australia
(PBA), which sells wireless broadband
access wholesale to other carriers and ISPs,
who then market it to end user customers.
The network currently covers the urban and
suburban areas of Sydney, Brisbane,
Melbourne, and the Gold Coast, and PBA
expects it will cover over 75 percent of the
Australian population when fully deployed.

Japan

Japan has been a leader in mobile data
service deployment and usage. Japan’s
largest wireless carrier, NTT DoCoMo, was
the first company to launch WCDMA services
in October 2001, and the company now has
over 7.5 million WCDMA subscribers in
Japan. In January 2005, the company
announced that it has agreed to develop, in
conjunction with 25 other leading wireless
carriers around the world, an advanced
technology standard for mobile phones that
will be capable of transporting high-resolution
video in an instant. All of the member
companies have agreed to support the
standard, which will be compiled by 2007 and
is expected to transmit data at 10 times the
speed of current 3G networks.

South Korea

In South Korea, two wireless carriers, SK
Telecom and KT Freetel, have deployed
mobile broadband services using CDMA EV-
DO technology and licensed spectrum in the
1.9 GHz band. The companies launched
their respective networks in 2002 and
currently have a combined total of 9 million
EV-DO subscribers, representing 19 percent
of the country’s total population.




3. Special Topics

Figure 6. Mesh Networks

Mesh networks. Mesh networks
are a relatively new, evolving type of
wireless broadband technology that may
enable more flexible and more efficient
expansion of wireless broadband
services. Unlike traditional WMANSs or
WLANS, in which each “node” (or
consumer device) in the network
communicates only with a central
antenna or base station, in a mesh
network, each node can function as an
access point and transmit information to
other nodes in close proximity.”® If one
node goes out of service, the other
nodes will route the traffic around it,
making mesh networks a relatively
robust communications technology. ) ) _
Mesh networks can either be fixed or M.esh networks alloyv multiple points of connection to a

wireless network, with no central tower. The network
mobile. We expect continued consists of shorter distances between nodes, enabling

technological developments in this area. each antenna to broadcast at lower power and thereby
creating less risk for interference.

Integration of different wireless
networking technologies. More and more, different wireless broadband technologies are
being used together in a complementary way. For example, Bluetooth technology can
provide broadband connectivity between devices located within a particular room of a
building. This Bluetooth network can be integrated as part of a Wi-Fi network linking
both different access points within the building, as well as being used to provide a
broadband communications link between several buildings on an industrial campus.
WMAN technologies can then be used to provide communications links between
multiple campuses. With the continued developments of various wireless technologies
and their increasing ubiquity, these wireless broadband technology pairings are likely to
increase.

B. Examples of Wireless Broadband Deployment; Various Applications

Through its various outreach projects and research, as well as the comments
received in this proceeding, the Task Force has gathered various information on the
means by which wireless broadband services have been deployed and on examples of
innovative wireless broadband applications. Examples of some of these are discussed
below, and may be useful as both background and context as the Commission considers
additional steps it may take to facilitate the deployment of wireless broadband.

8 David Ewalt, Motorola Moves Into Mesh, Forbes.com, Nov. 16, 2004.
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1. Survey of Deployment

While wireless broadband services are deployed through various means and
business models. A few examples of those are discussed here.

a) Wi-Fi hot spots, WLANs, and WISPs

Wi-Fi hot spots and WLANs. Wi-Fi “hot spots,” which are wireless local area
networks comprised of unlicensed IEEE 802.11 devices, constitute one of the principal
ways in which unlicensed devices are used to provide access to broadband services. At
hot spot locations located at stores or neighborhoods, consumers use mobile or portable
devices, including laptops and personal digital assistants, to obtain Internet access
through wireless technologies. Often consumers subscribe to a particular service
provider to obtain access to multiple hot spot locations, although access to the Internet is
free of charge in some hot spot locations. As discussed in Section VII.B below, several
national mobile service providers use Wi-Fi hot spots to complement their licensed
cellular services.

Over the last several years, the number of hot spots and hot spot users has
increased dramatically. Located in retail establishments, hotels, airports, railway stations,
trains, ferries, public parks, gas stations, and a host of other public places, it has been
estimated that the number of hot spot users worldwide will total 30 million by the end of
2004, up from 9.3 million in 2003 and 2.5 million in 2002.” Figures for the total number
of hot spots in the United States vary widely, in part due to the large numbers of new hot
spot locations created every day. The Gartner Group predicts that there will be more than

Figure 7. Wi-Fi Hot Spots Worldwide by Type of Location
(2001-2005)
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" Gartner Says the Number of Hot Spot Users Worldwide to Triple in 2004; Enterprises Must Implement a
Wireless Strategy, Press Release, GARTNER, INC., Feb. 18, 2004.
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150,000 hot spots by the end of 2005.* The potential benefits in net productivity from
the ubiquitous availability of Wi-Fi hot spots are significant. By some estimates,
workers’ use of hot spots to access their networks from a variety of locations enables
them to gain thirty minutes daily in productivity.®

The overall use of WLANS, beyond those specifically involving Wi-Fi hot spots,
is also on the rise. We note that is has been estimated that, by the end of 2005,
approximately 50% of all enterprises will use some sort of WLAN and that sales of
related equipment will exceed $5 billion.*

Wireless Internet service providers (WISPs).
The development and growth of wireless broadband
services by Wireless Internet Service Providers
(WISPs) constitutes another significant trend. WISPs
use networks of wireless devices, typically
unlicensed devices, to provide broadband
connectivity, providing a facilities-based broadband
alternative to cable and DSL services.¥ Often
WISPs’ networks span many miles, including multi-
county and multi-regional geographic areas. Some
WISPs serve major metropolitan areas like New
York and Chicago, other WISPs serve smaller cities
like Tampa and St. Louis, and yet others serve very
small communities.

Figure 8. WISP Radio
Equipment

One of the most significant market sectors for
WISPs are rural and underserved areas, many of
which do not have access to either cable or DSL
services. A market survey of WISPs noted that more
than 40 percent of WISPs deployed wireless
broadband services because there were no other -
broadband alternatives.* Subscriber bases for WISPs FN\GS

also vary, from fewer than 100 to tens of thousands. P

. . WISP radio transmitter equipment
Estimates for the total number of license- on a grain elevator in Grimes, lowa.

exempt WISPs nationwide vary significantly. One

%0 See Figure 8.

' Gartner Says the Number of Hot Spot Users Worldwide to Triple in 2004; Enterprises Must Implement a
Wireless Strategy, Press Release, GARTNER, INC., Feb. 18, 2004.

82 See Carter, Lahjouji, and McNeil, “Unlicensed and Unshackled: A Joint OSP-OET White Paper on
Unlicensed Devices and Their Regulatory Issues,” Federal Communications Commission (May 2003), at
33.

%3 See Section IV.C (additional discussion of wireless broadband’s current share in the broadband market).

$ ISP-Market, Broadband Wireless Access 2002: Service Provider Profiles, Market Drivers and Spending
Projections, ISP-Market LLC Industry Report (2002).
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analyst’s report noted that there were approximately 2,500 license-exempt WISPs serving
more than 6,000 markets in the United States in 2002.** More recent estimates are that
there are between 4,000 and 8,000 WISPs.* While the number of license-exempt WISPs
currently in operation is difficult to discern, it is clear that the total number of WISPs has
significantly increased over the last several years. Notably, the Commission recently
changed its broadband service reporting requirements, eliminating a minimum subscriber
threshold requirement previously associated with the mandatory reporting obligation.

We thus expect, in the future, that the Commission will have a more precise source of
information regarding the total number of license-exempt WISPs and the associated data
rates for the broadband services they offer.*’

b) Community involvement

Community networ